In the mid-20th century, two Swedish biologists-Åke Franzén and Bjorn Afzelius-significantly advanced the study of sperm biology through the investigation of sperm ultrastructure using the newly developed electron microscope. Franzén studied sperm in some 200 (mostly marine) invertebrate species, linking sperm form and structure to the fertilization environment. Most notably, Franzén found that sperm of external fertilizers were relatively small and of the "primitive" type, while animals with internal sperm transfer tended to have more elongated and modified sperm morphologies (Franzén l955, 1956a(Franzén l955, , 1956b. In similarly ground-breaking work, Afzelius provided the first documentation of pores in the sperm nucleus membrane, the first high-magnification image of the acrosome reaction, and discovered the dynein arms on the microtubule doublets of the sperm flagellum, the latter providing clues to the mechanism of sperm motility (Afzelius, 1957 (Afzelius, , 1959 . These findings stimulated research on sperm structure and function, prompted the use of sperm ultrastructure as a phylogenetic and taxonomic tool, and motivated investigations of the role of cilia and flagella in human disease.
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Given the striking variation in sperm size and shape observed across the animal kingdom-the sperm cell is now recognized as the most diverse cell type known (Pitnick, Hosken, & Birkhead, 2009 )-it is perhaps not surprising that there is still much to learn. Indeed, the desire to understand sperm structure and function that drove As an added bonus, these biennial meetings took place in the beautiful English countryside of the Peak District. 
and sperm aggregate behavior, as well as the role female promiscuity plays in the evolution of these traits. Using modern phylogenetic and evolutionary analysis methods, Ariel Kahrl (Stockholm University) shed new light on the role of the fertilisation environment for the evolution of sperm size. Compiling data on more than 3,000 animal species, this work linked evolutionary transitions in fertilisation environment to shifts in both sperm size and the rate of sperm evolution, providing compelling evidence for the evolution of longer sperm, and a higher rate of evolutionary change in sperm size in internally fertilizing taxa compared with those with external fertilisation. Exemplifying the community nature of these BoS meeting, Kahrl et al plan to make this resource publicly available in the future (SpermTree.org). Finally, Sara Calhim (University of Jyvaskyla) reminded us of how much more we have to learn about sperm variation and the benefit of studying "novel" animal groups by introducing to us the weird and wonderful world of tardigrade sperm.
Sperm with no apparent mitochondria or floating mitochondria.
Sperm with baton, spiral, or filamentous head shapes. Not to mention the morphological changes sperm undergo when they are inside the female versus in the male testis. Importantly, anyone can contribute to this work by sending samples of moss (the home to these little water bears) to Calhim. Check out how to do that here:
https://tinyurl.com/sendusyourmoss. Like many BoS meetings before this one, the focus was not entirely on sperm. This was exemplified by the plenary talk "The other gamete: does not appear to be explained by phylogeny, but instead appears likely to reflect the coevolution of male and female genital morphology and may provide a mechanism by which females can regulate copulatory success.
Since the early days of the BoS meetings, researchers have understood the need to better integrate female-mediated processes into the study of sperm biology and sperm competition (Pitnick & Karr, 1995) . The 15th BoS meeting showed how far we have come, with the presented research demonstrating our greater understanding of the dynamic interactions between ejaculates and the female reproductive tract and/or reproductive fluids. We now know that the female reproductive tract provides a selective and interactive environment through which sperm must navigate.
Several talks highlighted the role that postmating female-male interactions play on sperm function, female behavior, and, ultimately, reproductive success. These complex interactions were the focus of the first day's plenary talk by Sabine Koelle (University College in Dublin), whose research focuses on reproductive medicine and assisted reproductive technologies in humans. Koelle wowed us all with her videos of sperm swimming within the female reproductive tract under near "in vivo" conditions, which were obtained using a newly developed technique-probe-based confocal laser endomicroscopy.
Koelle's work evoked a great deal of discussion throughout the meeting. This work highlighted the fact that a sperm's journey to the oocyte may be even more complicated than previously thought, questioning the importance of sperm motility versus female reproductive tract contractions for sperm transport. Additionally, Koelle's work suggested fertilization success may be more dependent upon an intact sperm membrane, rather than normal sperm morphology. This is because damage to the membrane impedes the ability of sperm to locate the oocyte. Therefore assessing sperm membrane integrity may be an important assessment tool when investigating idiopathic infertility for humans and animals. Also Nathan Clark's plenary talk (University of Utah) showed us that male-female interactions in the cabbage white butterfly can be a veritable "battle of the sexes." In this system, males deposit a large spermatophore, which consists of a virtually indestructible hard outer shell with a soft nutritious inner shell surrounding a ball of sperm, in the female reproductive tract (bursa copulatrix). The spermatophore's nutritious inner shell acts as a nuptial gift. However, because the female cannot mate when the bursa copulatrix is filled and it takes 3 days for the female to break down the hard outer shell of the spermatophore, the spermatophore functions to prevent female remating. To combat this, female butterflies produce proteases in the bursa copulatrix which help to chemically digest the spermatophore and, even more impressively, the bursa copulatrix contains an organ called the signum, "a tooth-like structure" which mechanically chews through the spermatophore's outer shell. To top it off, Clark demonstrated that both the female proteases and male spermatophore proteins are rapidly evolving. Altogether, this was an amazing story of sexual conflict and cooperation.
Male-female interactions are also critical in external fertilizers.
Neil Gemmell (University of Otago) highlighted the importance of female-male interactions as the ovarian fluid, surrounding the unfertilized ova, contains proteins that can speed up or slow down the sperm from "hooknose" male chinook salmon. Similarly, using a broadcast spawner, the blue mussel, Jon Evans (University of Western Australia) showed that female derived water surrounding the eggs, can also hinder or enhance the sperm function. Egg water acts as a chemoattract to guide sperm, but also acts to select against extreme combinations of sperm length and sperm swimming speed. Alas, after three and a half days of cutting-edge science and rousing discussion, our meeting was over, and a merry group of gamete biologists farewelled each other and commenced their journey home. We are already looking forward to the next meeting, which will again be held in Nynäshamn on September 6-10th, 2021 (https://www.su.se/zoologi/english/research/conferences/welcome-tobos). Though BoS meetings are typically small, with just 60-80 delegates, new attendees are always welcome and encouraged to inject new ideas and enthusiasm for the study of sperm biology. So mark down the dates for the 16th BoS meeting in your calendar now.
